unpublished work). Selenium is an essential dietary trace dant that can induce mutations and cause singleelement, which is incorporated as selenocysteine into the strand breaks in plasmid supercoiled DNA. The seleantioxidant enzyme glutathione peroxidase. Selenium may nium-containing compound ebselen rapidly reacts also be incorporated in the form of selenomethionine into with peroxynitrite. Therefore, ebselen [2-phenyl-1,2-tissue proteins such as hemoglobin, plasma proteins, or benzisoselenazol-3(2H)-one] and other selenium-con-keratin. Therefore, we studied here the effect of some seletaining molecules, selenomethionine and selenocys-nium-containing compounds such as ebselen, selenomethitine, were studied as agents protecting DNA from onine, and selenocystine in comparison with their sulfursingle-strand breaks induced by peroxynitrite. Seleno-containing analogs methionine and cystine on the singlemethionine and selenocystine protected DNA from sin-strand breaks of DNA caused by peroxynitrite.
FIG. 1.
Agarose gel electrophoretic profiles of single-strand break formation of pBluescript II KS DNA after exposure to peroxynitrite. Lane 1 shows pBluescript II KS in phosphate buffer (200 mM, pH 6.9) alone, lane 2 peroxynitrite (50 mM). Lanes 3 to 6 are peroxynitrite Peroxynitrite is formed through a reaction of nitric oxide (50 mM) in the presence of test compounds: lane 3, selenocystine (1 ( • NO) with the superoxide anion radical (1). Both com-mM); lane 4, cystine (1 mM); lane 5, selenomethionine (0.1 mM); lane pounds are produced in vivo, and the cytotoxicity of nitric 6, methionine (0.1 mM). The plasmid pBluescript II KS DNA (1 mg) oxide may be explained in part due to the production of in phosphate buffer (200 mM, pH 6.9) was exposed to peroxynitrite peroxynitrite. Peroxynitrite is genotoxic and can cause (final concentration 50 mM), infused at a rate of 3.3 ml/min over 3 min from a stock solution of 1.25 mM under constant mixing with a strand breaks in plasmid supercoiled DNA (2) and viable magnetic stirrer at room temperature. The total volume of each sam-DNA in rat thymocytes (3). Peroxynitrite reacts preferenple was 250 ml. The pH in the mixture was not changed following tially with guanine in DNA (4) , and the majority of mutathe addition of peroxynitrite. Other compounds were added before tions caused by peroxynitrite occur at G:C base pairs (5).
peroxynitrite infusion. After the incubation period, the DNA in the Peroxynitrite reacts with different biomolecules such as reaction mixture was precipitated overnight by addition of cold ethaascorbate (6), methionine (7), or cysteine (8) with rate con-nol at 020ЊC, collected by centrifugation, air dried, resuspended in stants in the range of 2.4 1 10 2 to 5.9 1 10 3 M 01 s 01 . We 10 ml of Tris (10 mM)/EDTA (1 mM) buffer (pH 8.0), mixed with 2 have shown that a selenium-containing compound, ebselen, ml of gel-loading marker solution, and loaded onto 1% agarose gel. very rapidly reacts with peroxynitrite (9); the second-order Running buffer was Tris (90 mM)/boric acid (90 mM)/EDTA (2 mM).
Ethidium bromide was included to allow visualization of the DNA bands on the gel under UV light. Peroxynitrite was synthesized from 1 To whom correspondence should be addressed at Institut fü r sodium nitrite and hydrogen peroxide using a quenched-flow reactor as described (1, 9) Note. The plasmid pBluescript II KS DNA (1 mg) was exposed to peroxynitrite (here: final concentration 100 mM) as described in the legend to Fig. 1 and Table I . Ebselen was a kind gift from Rhône-Poulenc-Rorer (Cologne, Germany).
a The level of single-strand breaks obtained with peroxynitrite in the presence of 1% methanol is set equal to 100%. selenomethionine at 0.1 mM was able to suppress singlestrand break formation by 75%.
FIG. 2. Effects of selenium-containing compounds on single-strand
Regarding ebselen, the effect was examined in a methabreak formation in pBluescript II KS DNA caused by peroxynitrite.
nolic/aqueous mixture because of limited solubility of eb-DNA samples were exposed to 50 mM peroxynitrite in 200 mM phosselen in the phosphate buffer. Ebselen at a concentration of phate buffer (pH 6.9) in the presence of various concentrations of selenocystine (l), cystine (᭺), selenomethionine (), and methionine 50 mM inhibited the peroxynitrite-induced (100 mM) strand (ᮀ). Experimental conditions were as given in the legend to Fig. 1 . breaks by 57% (Table II) . It may be noted that methanol DNA bands were quantitated by scanning of photonegatives of the by itself decreased the single-strand break formation in gels with GelScan XL (Pharmacia LKB).
plasmid DNA.
Thiols (glutathione and cysteine) protect DNA from the damage more effectively than the corresponding disulfides (glutathione disulfide and cystine) (Fig. 3) . pBluescript II KS (pKS) DNA after exposure to peroxyniThe hydroxyl radical scavenger mannitol had much less trite were detected as an increase in the open circular form (Fig. 1) . The selenium-containing compounds selenomethionine (0.1 mM) and selenocystine (1 mM) decreased the open circular form of pKS DNA caused by 50 mM peroxynitrite more effectively than methionine (0.1 mM) and cystine (1 mM), respectively ( Figs. 1 and 2 ). As shown in Table I , Fig. 1 . DNA bands were quantitated by scanning of photonegatives of the agarose gels with GelScan XL (Pharmacia LKB).
50 mM peroxynitrite at various concentrations of cysteine (छ), cystine (᭺), glutathione (᭞), glutathione disulfide (᭝), and mannitol ( * ). a The level of single-strand breaks obtained with peroxynitrite is set equal to 100%.
Mannitol at 50 mM gave a value of 20.3% pKS open circular form.
protective effect on the damage of plasmid DNA caused by REFERENCES peroxynitrite. About a 100-fold higher concentration of man-
